Background: The spread of Dengue virus infection is reaching pandemic proportions. Dengue is usually dreaded for causing shock due to capillary leakage. However the clinical spectrum of dengue is vast and the newly incorporated expanded dengue syndrome introduces a wide range of presentations that are rarely observed and appreciated but nevertheless have the potential to cause significant morbidity and even mortality. Cardiac involvement in dengue is one such example. Case presentation: A 26 year old South-Asian female presented in a state of haemodynamic shock with a history of fever and use of non-steroidal anti inflammatory drugs. Dengue was suspected clinically and later confirmed. Following stabilization and while still in the febrile phase the patient developed bradycardia with dynamic electrocardiogram changes which evolved into complete heart block. However there was no circulatory compromise. Clinical picture was further complicated by the development of dengue haemorhaghic fever and cautious fluid resuscitation was carried out in correlation to clinical and haematological parameters. Impaired coagulation profile necessitated administration of activated factor seven on the backdrop of low platelets and bleeding. Cardiac pacing could be avoided due to maintenance of vitals within acceptable parameters. Conclusion: Expanded dengue syndrome should be given greater appreciation as not all may be benign. Cardiovascular system involvement in dengue has the potential to cause significant morbidity and mortality. Careful interpretation of clinical parameters will help in the institution of the appropriate management and help avoid unnecessary invasive interventions. Screening of dengue patients with timely electrocardiographs would be useful to detect cardiac involvement. Guidance on managing atypical manifestations of dengue expanded syndrome should available to help clinicians dictate treatment.
Background
Dengue is the most common mosquito borne illness. Having affected more than 100 countries worldwide with a global at risk population exceeding 40%, dengue viral infection is truly reaching pandemic proportions. Thus with increased prevalence a rising trend is seen in both morbidity and mortality [1] . In a dengue endemic country, when patients present with fever along with the complaints of well recognized symptoms, a clinical diagnosis of dengue viral infection is made and treatment initiated while awaiting confirmation, in view of a possible progression to variable categories of shock due to capillary leakage. Atypical manifestations of dengue however are not adequately appreciated and recognized. Single organ involvement is sometimes the only recognizable insult seen in dengue, and this phenomenon is classified as the expanded dengue syndrome [2] . Cardiac involvement is one such situation. The complications that arise due to cardiac involvement are numerous, and range from arrhythmias which can be benign to potentially fatal [3] , such as fulminant myocarditis [4] . The lack of specificity in the patterns of elicited symptoms make it a challenge to categorically identify its involvement without a high level of suspicion especially when by itself it is an uncommon phenomenon [5] . With the rising trend in disease burden, the spectrum of clinical manifestations seen have also increased, resulting in a greater recognition of these atypical situations, including cardiac manifestations, necessitating a better understanding of these atypical situations as they can cause significant morbidity and mortality, stressing the need for early identification which can help in treatment and intervention [6] [7] [8] . In this paper, we present a case of a young female who sustained myocardial insult with development of bradycardia with progressive ST and T segmental changes finally evolving into complete heart block in the background of shock attributable to both haemorrhage and later capillary leakage, presenting a uniquely complicated clinical picture.
Case presentation
A 26 year old South-Asian female, having irregular menstrual cycles but was otherwise healthy presented with fever to the accident & emergency unit with severe generalized myalgia and arthralgia. Clinical assessment revealed a tachycardia with a pulse rate of 108 b.p.m and an initial blood pressure of 90/50 mmHg, indicating shock. Clinical picture favored dengue fever with the classic repertoire of symptoms. Since the patient had taken mefenamic acid, a non steroidal anti-inflammatory agent (NSAID) for myalgia for a few days, her complaint of fever for only one day at presentation suggested an erroneous timeline and a late presentation. Rest of the systemic examination was normal and clinically there was no evidence of leakage of fluid in the chest and abdomen on presentation. She was started immediately on an intravenous infusion of 0.9% saline. Preliminary whole blood analysis demonstrated a low haematocrit of 32% with a reduced haemoglobin of 10.4 g/dL (11) (12) (13) (14) (15) (16) (17) and a platelet count of 173 × 10 9 /L (150-450). Despite fluid replacement her blood pressure declined to 80/40 mmHg with development of shock together with a reduction of the haematocrit to 29%. At this stage haemorrhagic shock was suspected on a background of NSAID usage. She was transfused with cross matched packed red cells urgently and stabilization of the haemodynamic parameters were noted with a borderline but stable blood pressure of 100/ 60 mmHg. Haematocrit also stabilized at 35%. An ultra sound scan failed to reveal either leakage of fluid into pleural cavity or the presence of ascitic fluid and intraabdominal heaemorrhage. However the patient suffered heavy per vaginal bleeding which continued. She was observed in a high dependency setting and 8 hours after admission and clinical stabilization, she developed bradycardia, which was confirmed on electrocardiogram (ECG). In addition to sinus bradycardia, the ECG showed T wave inversions from V2-V5 (Figure 1 ). Cardiac insult due to dengue virus infection was suspected, although creatine kinase-MB was normal and Troponin I remained negative. ECG was done serially to monitor the progression and on the second day of hospitalization revealed the occurrence of complete heart block with atrio-ventricular dissociation and a junctional rhythm with a short P-R interval ( Figure 2 ). Despite this, the blood pressure remained within acceptable safe limits. In view of satisfactory peripheral perfusion a clinical decision was made not to insert a temporary pacemaker, but to continue close observation for possible haemodynamic compromise occurring due to arrhythmia or worsening due to its presence.
Primary dengue virus infection was confirmed by the presence of positive IgM antibodies with negative IgG antibodies on day 2 of hospitalization. Platelet counts on day 2 of hospitalsation was 157 ×10 9 /L(150-450), but haematocrit value started to rise to 42 and then 45 within a few hours, and clinical examination revealed a right sided pleural effusion which was confirmed on sonographic imaging with the presence of pleural fluid and additionally fluid in the hepatorenal pouch. Fluid resuscitation and replacement was carried out in accordance with the national guidelines on dengue management. Serum magnesium levels were within reference range, with a value of 2.07 mg/dL (1.58-2.55). Serum sodium and potassium values were within reference throughout her stay. Initial serum ionized calcium levels were found to be low normal with a value of 1.14 mmol/L(1.12-1.32) Subsequent ionized calcium levels were found reduced to a value of 1 mmol/L (1.12-1.32). In the background of ECG changes, hypocalcemia was corrected cautiously with intravenous calcium gluconate and the electrolytes were monitored regularly, though the cardiac rhythm remained unchanged. Post correction serum ionized calcium was 1.17 mmol/L and later 1.22 mmol/L (1.12-1.32). Two dimensional echocardiogram revealed an ejection fraction of 50% with normal valves, normal sized atria and ventricles with no systolic wall motion abnormalities though myocardial depression was observed. Liver function tests revealed elevated enzymes. Aspartate transaminase and alanine transaminase were 141U/L (<40) and 119 U/L (<40) respectively and later rose to the highest recorded value of 320 U/L(<40) and 187U/L (<40) respectively. Gamma GT was also elevated at 347.5 U/L (7-50). Total protein was normal with a value of 62.4 g/L (60-85) but albumin was marginally reduced to 30.9 g/L (35-54). The patient remained clinically stable but the persistence of bleeding prompted a blood picture analysis to identify and exclude features of disseminated intravascular coagulation (DIC). Blood picture revealed moderately low platelets and reactive lymphocytes but no features of DIC. However thromboelastography revealed hypocoagulation, platelet deficiency and fibrinogen deficiency. In light of low platelets (lowest nadir of 10x109/L) and continuous per vaginal bleeding 4 units of factor VII complex was given. Normal sinus rhythm was noted on day 5 of admission, though she remained bradycardic till the time of discharge from hospital.
The bleeding ceased and platelet counts rose gradually. The patient made good clinical recovery with the pleural effusion subsiding and vaginal bleeding ceasing. ECG showed resolution upon review two weeks later.
Discussion
Cardiac involvement in dengue can result in a spectrum of presentations, some benign and inadvertently detected due to the continuous monitoring that dengue patients are subjected to frequently and may not raise much concern. But others can have deleterious effects on both the patient due to its direct effect or worsen the clinical state since the basis of management in dengue virus infection is resuscitation with fluids.
Arrhythmias are the commonest abnormality found in cardiac involvement in dengue and sinus tachycardia is probably the most frequently seen phenomenon. Occurring either during the febrile phase or when developing Dengue haemorrhaghic fever with fluid leakage. This may or may not be due to cardiac involvement. Other manifestations include T wave abnormalities, ST segment depressions and elevation, sinus pauses, ectopics that are either atrial or ventricular in origin, ventricular trigeminy, atrial fibrillation, heart blocks such as first-degree block and Mobitz type I second-degree AV block, bundle branch blocks [3, 6, [9] [10] [11] [12] [13] and rarely complete atrio-ventricular dissociation [14] [15] [16] . Bradycardia is more commonly seen in defervescence and convalescence, due to parasympathetic activity. It has the potential to precede other arrhythmias like complete AV dissociation or VPC, thus it's detection should prompt more intense monitoring [2, 17, 18] .
The pathophysiological basis for arrhythmias in dengue are variable, the favored theory is that it occurs due to viral myocarditis even in the absence of structural heart disease [9] . The myocarditis per se is brought about due to the viral tropism for the heart. The host immune response counters the virus by the release of cytokines, a phenomenon known as "cytokine storm", which due to viral heart involvement causes inflammatory insult resulting in the loss of integrity of both structure and function thus causing arrhythmia [19, 20] . Localized insult due to minute bleeding involving the sino-atrial node, atrioventriular node or within its close vicinity can also cause transient conduction abnormalities. Similarly transient abnormalities can also be indicative of a functional, than a structural insult. This can be due to altered autonomic tone, adenosine metabolism or even electrolyte imbalance that may occur in dengue viral fever [21] . Hypocalcemia is commonly seen even after correction for low albumin levels, especially when in leakage with resulting dengue haemorrhagic fever [22] . Hypocalcemia is known to cause lengthening of the ST segment and prolonging the QT interval while sparing the T wave. However rare reports detail hypocalcemia as a possible cause for ST depressions with even dyskinesia of the heart musculature demonstrable on angiogram [23] . Prolonged QT poses a risk of additional arrhythmias including atrial arrhythmias, torsades de pointes and even ventricular arrhythmias [24] . Hyponatraemia is also known to occur in dengue [25] and is up to ten times more prevalent compared to that of non-dengue viral febrile illness, especially when patients proceed to shock in dengue haemorrhaghic fever (DHF). The phenomenon is attributable to salt deficiency, renal loss, redistribution into cells due Na-K pump dysfunction and excess water due to reduced renal excretion [26] . Very low sodium levels have been known to be associated with arrhythmias including first degree, second degree heart blocks and even complete heart block [27] . Hypokalemia has also been a documented feature, it is hypothesized that low potassium occurs due to the redistribution of potassium into cells or renal loss secondary to that of renal tubular injury and even to the catecholamine rise seen due to the viral infection [28] . Both serum potassium and sodium levels are comparatively lower during the state of capillary leakage (DHF) and when the level of shock is greater [29] . Thus, electrolyte imbalance which has the propensity to occur in dengue can theoretically cause arrhythmias. Thus stressing the importance of both checking for and correcting these imbalances when clinically indicated.
Drugs are notorious in causing cardiac insult and arrhythmias. In dengue, fluid resuscitation is the only known and required treatment in most instances. But in the presence of prior drug history one should also clinically assess its possible impact on the cardiac system. The concept of drug induced arrhythmias are vast and are outside the spectrum of discussion of this case report. But in consideration to non-steroidal anti-inflammatory drugs, which is unfortunately a commonly abused class of drug, has the potential to cause a lot of side effects and cardiac insult has also been observed. NSAIDS has been reported to increase the occurrence of arrhythmias such as atrial fibrillation [30] . Additionally in background of heart disease it can even precipitate heart failure [31] . Our patient was an infrequent user of mefenamic acid, an NSAID used for menstrual pain. The wide abuse of this drug and the clinical range of complications it can cause should prompt clinicians to inquire its recent use, when facing febrile illness that has the potential to cause bleeding manifestations.
Unlike typically observed patterns the occurrence of bradycardia and subsequent complete heart block preceded that of leakage (DHF) in our patient and occurred in the febrile phase. However as mentioned in the Comprehensive Guidelines for Prevention and Control of Dengue and Dengue Haemorrhagic Fever [2] , complete heart block did occur after bradycardia, stressing the importance that the simple process of monitoring heart rate may help to detect possible sequalae that are expected. Although hypocalcemia was present, the deficit was mild and correction did not revert the arrhythmia to sinus rhythm. NSAIDS were a risk factor in our patient, but the observed arrhythmia did not correlate to what is commonly seen. The use of NSAIDS however did possibly contribute towards the increased risk of bleeding that was seen in our patient. The observed bradycardia with T wave abnormalities and third degree heart block is possibly attributable to direct myocardial involvement, though biochemical markers failed to elicit objective cardiac insult. Two dimensional echo findings however favored myocarditis. Our patient most likely had myocarditis due to dengue causing complete heart block. Though shock occurred the clinical situation and laboratory parameters favored actual occult haemorrhage as the cause for shock, which responded to blood transfusion and fluid resuscitation. Cardiac pacing was not required as haemodynamic parameters remained satisfactory following the blood transfusions and resuscitation with intravenous fluids despite the persistence of complete heart block.
Conclusion
Cardiac involvement in dengue should have greater recognition as manifestations may not always be benign. Arrhythmias being the commonest should be actively sought for as it can be an early indicator for myocarditis, which should not be missed as fluid resuscitation being the primary treatment of dengue hinges heavily on the stability of the cardiovascular system. Clinical and laboratory parameters should be correlated and attempts made to correct the exact cause of the insult before active interventions such as cardiac pacing is considered. This highlights the point that though there maybe compromise in cardiac stability definitive intervention may only be required when haemodynamic compromise persists despite adequate resuscitation with fluids and blood volume restoration. Guidance however is required in a more definitive manner as a clear protocol will help clinicians treat patients with greater confidence ensuring good outcome.
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